Cerebral blood flow (CBF) and other physiological variables were measured repeatedly for up to 10 days after severe head injury in 102 patients, and CBF levels were related to outcome. Twenty five of the patients had a reduced CBF [mean (SD) 0-29 (0.05) mlglmin]; 47 had a normal CBF, (0.41 (0-10) ml/g/min); and 30 had a raised CBF (0.62 (0.14) mUg/min). Cerebral arteriovenous oxygen differences were inversely related to CBF and averaged 2*1 (0'7) umollml in the group with reduced CBF, 1-9 (0.5) pmollml in the group with normal CBF, and 1*6 (0. 
Many factors contribute to the long term neurological disability incurred by a patient who has sustained a severe head injury. The pathology produced by the injury, the patient's neurological status, the severity of intracranial hypertension, and the age of the patient have been identified as determinants of outcome after head injury, but despite numerous studies of cerebral blood flow (CBF) in head injured patients the relation of CBF to outcome is poorly understood.'-3 Table 1 summarises the findings of studies that have examined the association of CBF and outcome after head injury. Some of these studies have reported that a very low CBF was associated with a poor outcome. Overgaard et al reported regional CBF values of < 0-20 ml/ g/min in 61% of patients with outcomes of death/severely disabled/vegetative. Only 10% of patients with a good outcome had regional CBF values at this low level.9 Overgaard and Tweed reported that patients who died or remained vegetative commonly had very low CBF in arterial boundary zones and had lower global CBF values than the patients who recovered.'0 Other studies have correlated a moderately reduced CBF, particularly in the first 24 hours after injury, with a poor outcome. 12 Raised CBF levels have also been related to a poor neurological outcome. Fieschi et al reported that an initially low CBF returned to normal in patients who recovered but increased to raised levels in patients who died of their cerebral injury. 3 We performed serial CBF measurements up to 10 days after severe head injury in 102 patients and examined the relation between CBF, demographic characteristics, systemic factors, and outcome using multivariate analysis.
Methods
Patient characteristics and management A total of 102 adults who had sustained severe head injury were admitted to the neurosurgical intensive care unit at Ben Taub General Cerebral bloodfloe(, artrwvenous oxygen differences, and outcome in head injured patients [mean 0-29 (SD 0-05) ml/g/min], normal in 47 (0-41 (0.10) ml/g/min), and raised in 30 (0-62 (0. 14) ml/g/min). The intergroup differences in CBF were inversely related to differences in the AVDO2, which averaged 2 1 (0 7) umol/ml in the group with reduced CBF, 1-9 (0 5) ,umol/ ml in the group with normal CBF, and 1 6 (04) pmol/ml in the group with raised CBF.
The AVDL was lowest in the group with raised CBF, averaging -0-03 (007) ,umol/ml, compared with -0-07 (0-12) ,umol/ml in the group with normal CBF and -0-06 (0 12) pmol/ml in the group with reduced CBF, but the differences were not significant. Figure 3 Day after injury Day after injury Cerebral bloodflow, arterioenous oxygen differences, and outcome in head injured patients [1] [2] [3] [4] [5] Normal CBF n 47 disability at three months after injury compared with 53% of patients with a raised CBF Because of the reversible nature of the reduction in CBF in the seven patients with hypocapnia or hypotension, these patients were not included in the group with reduced CBF unless their CBF remained reduced after treatment. In the nine patients who were given barbiturates for refractory intracranial hypertension, the CBF before barbiturates were given was used to classify the patient. The six patients with transient increase in CBF due to hypoxia or hypercapnia were not included in the group with raised CBF unless the CBF remained raised after correction of the blood gas abnormality. No significant differences in these systemic factors were found among the three groups (table 3) .
Hypocapnia and hypotension did not seem to be important contributing factors to the abnormal CBF in the group with reduced CBF. In fact, the trend was for the patients in this group to have a higher PCO2 and cerebral perfusion pressure (CPP) than in the other two groups.
Anaemia, hypertension, and fever did not seem to be major contributing factors to the abnormal CBF in the group with raised CBF. CPP tended to be lower in the groups with raised and normal CBF, suggesting that hypertension was not the cause of the increased CBF. Body temperature tended to be slightly higher and mean haemoglobin concentration slightly lower in the group with raised CBF than in the groups with normal or reduced CBF. Although the differences were not significant, a small contribution by the factors of anaemia and fever cannot be ruled out.
Logistic regression model
To determine whether the difference in neurological outcome among the three groups reflected the effect of other covariates, logistic regression analysis was used as described above. The final model is shown in table 4 . When the effect of CBF on neurological outcome was adjusted for age, initial Glasgow Coma Score, haemoglobin concentration, cerebral perfusion pressure, and cerebral oxygen consumption a reduced CBF was still significantly associated with an unfavourable neurological outcome.
Neurological outcome tended to be better in younger patients, but an age difference did not completely account for the unfavourable outcome of the group with reduced CBF. The logistic regression model results indicated that for a patient 30 years old with a CMRO2 of 0.9,mol/g/min and a Glasgow Coma Score < 6 the probability of a favourable outcome was 0 16 with a reduced CBF, 0g29 with a normal CBF, and 0 55 with a raised CBF ( fig  8) .
When the entire group of patients was considered, AVDO2 reflected the level of the CBF (fig 2) , and a high AVDO2 tended to be associated with an unfavourable outcome. However, within each CBF group a higher AVDO2 was associated with a better outcome. The most likely explanation for this apparent paradox is that for any given CBF, a higher AVDO2 indicates a higher CMRO2. As shown in figure 9 , within each CBF group a higher CMRO2 was associated with a better outcome. It is important to emphasise, however, that the Except for the very young, the lower the age, the better the neurological recovery after a severe head injury. Age is also a factor in the CBF response to injury. Most studies have found that a raised CBF is more common in children and adolescents than in adults. Langfitt et al described two adolescents with a raised CBF on initial evaluation, but adult patients typically had a reduced CBF. 7 Bruce et al found that CBF was raised in six children with diffuse swelling on CT scan. 22 Obrist et al reported the incidence of normal or raised CBF to be 46% in head injured patients over 20 years of age and 70% in patients aged 15-20 years. " Muizelaar et al found normal or raised CBF values in 88% of children with acute head injury. 2 The severity of the neurological injury, quantitated by the initial Glasgow Coma Score or by the degree of suppression of CMRO2, is an important determinant of survival and of neurological recovery in head injured patients. 2-While the Glasgow Coma Score of patients with a head injury has been associated with the CMRO21' CBF has been found to have an inconsistent relation in all but a few studies. Muizelaar found a significant relation between motor score and CBF in the contralateral hemisphere measured within the first 24 hours after injury. After 24 hours there was no relation between Glasgow Coma Score and CBF. 26 Severity of intracranial hypertension has been associated with neurological outcome.20 21 27 Miller et The intracranial pathology produced by injury has been associated with neurological outcome in some studies.202' 23 A mortality of 23% has been reported in patients with diffuse injuries, compared with 40% in patients with haematomas.20The poorer outcome in patients with haematomas may be partly due to the older age of the patients. When age was adjusted for, the presence of an intracranial haematoma increased the likelihood of a poor outcome only in patients who were less than 20 years old.23 Raised CBF has typically been associated with diffuse swelling. The presence of an intracranial haematoma might be expected to be associated with reduced CPP and CBF; however, after evacuation of the haematoma CBF can be quite variable.
The present study suggests that in addition to these factors of age, neurological status, and raised ICP the level of CBF may be a factor in determining neurological outcome. The cause of the poorer outcome in the patients with reduced CBF is not clear. The association could not be explained on the basis of any identifiable confounding factor. The mean CBF for the group with reduced CBF was 0-29 (0 05) ml/g/min, which is well above ischaemic thresholds for the brain.29 These ischaemic thresholds were determined in normal experimental animals, and it may not be appropriate to extrapolate these data directly to patients with a neurological injury. It might be hypothesised that a low CBF does not allow for adequate compensation during periods of stress. Transient periods of hypoxia, hypotension, or intracranial hypertension might be more likely to result in ischaemia in patients with reduced CBF reserve, adversely affecting outcome.
This study was supported by United States Public Health Service Grant NS27616. The authors gratefully acknowledge the patient care given by the NICU nurses at Ben Taub General
